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Abstract

Without materials, there will be no meaningful engineering. This idea should be grasped by all
engineering students. Understanding of materials science and engineering (MSE) and how it interacts
with other engineering fields will ultimately affect potential as competent engineer. To ensure
prospective engineers’ success, instructors within an engineering program should prioritize working in
unison to educate students on MSE. The core MSE and non-MSE courses are discussed from first year
through fourth year to illustrate how courses build on previously taught concepts. The courses
discussed are MSE and related courses that provide relevant curriculums and instructing methods. It is
vital for engineering students to recognize the importance of MSE, and the roles materials play in
engineering. MSE education, instruction, and relation to MSE and non-MSE courses are dependent on
the engineering program unison. Based on the analysis, it was concluded that the education and
application of MSE courses are most effective when key MSE concepts, principles, and knowledge
threads are continuously introduced, reviewed, and reintroduced for students in all levels of courses.
For better outcomes, it is recommended that MSE instructors highlight materials” importance through
application and explain MSE’s connections via courses on different subjects whenever possible.
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1 Introduction

Accreditation Board for Engineering and Technology (ABET) [1] defines “Engineering is a
profession in which the knowledge of mathematical and natural sciences gained by study,
experience, and practice is applied with judgment to develop ways to utilize, economically,
the materials and forces of nature for the benefits of mankind.” The key words, “materials
and forces of nature,” indicate engineering cannot be separated from materials. Unfortunately,
many students and including some educators often think that engineering is just problem
solving. An incomplete understanding of basic engineering, as defined by ABET, may
unwittingly hinder the education and professional development of prospective engineers.
Therefore, it is important to obtain a thorough, complete, and correct understanding of
materials’ role in the engineering profession. It is vital that prospective engineers know that
without materials, there would not be any meaningful engineering. To ensure this outcome,
instructors in an engineering program should prioritize working in unison to educate students
on engineering subjects, such as MSE and related courses. This process began in an
ENGR186 First Year Seminar for Engineers and ENGR190 Elementary Engineering Design
at Purdue University Northwest (PNW), where the authors introduced the ABET engineering
definition to their students.

MSE education and applications are important and especially effective if key MSE concepts,
principles, and knowledge threads ([2,3] [19] [21]) are introduced and reviewed continuously
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for students throughout their undergraduate degree studies, from first-year courses, for
example, Elementary Engineering Design, to fourth-year courses, Senior Engineering Design
I and Il. The connections of MSE education and applications to courses on different subjects’
instructions may also better help motivate students’ learning of MSE courses in a proficient
manner. MSE courses analyzed are based on California Baptist University (CBU), MNSU
and PNW engineering programs’ curriculums and the authors’ personal learning/teaching,
research, instructional experiences of four materials courses, EGR254 Materials Engineering,
ME306/MSE20000 Materials Science, CE20400 Civil Engineering Materials — Laboratory,
and MSE34400 Materials in Engineering (formerly CE/ME33001 Structure and Properties of
Materials), and their applications to the courses on different subjects instructions.

It is fair to assume that ABET accredited engineering programs have similar curriculums. At
PNW, the authors’ first teaching, learning, and instructing experiences were mostly in its
mechanical and civil engineering programs. It was decided to use said programs as the main
template to explain MSE’s teaching, learning, and instructions’ connections to different
engineering subjects’ courses. The core MSE and non-MSE courses and the relevant course
electives are mentioned from first year through fourth year to show how course curriculums
build on MSE concepts throughout the program. The non- MSE courses mentioned are
indicated as such, and all courses discussed are within either the civil, mechanical, and/or
electrical undergraduate engineering program(s).

2 MSE Connections with Different Engineering Courses

PNW Civil, mechanical, and electrical engineering students must all complete ENGR18600
First Years Seminars for Engineers and ENGR19000 Elementary Engineering Design first
year in their respective program [15, 16,17]. The rationale is that there are concepts and ideas
applicable to all engineering fields. It is important that first-year students learn the
fundamentals of engineering shared by all fields of engineering. This helps students find and
enhance their chosen engineering programs passion and motivates them to learn and acquire
other fundamental materials courses to finally take CE/ME/ECE42900 Senior Engineering
Design | and CE/ME/ECE43900 Senior Engineering Design 11, respectively [15-17].

The concept of basic engineering should ideally be instilled in a first-year course,
ENGR18600 First Years Seminars for Engineers. An introductory course, such as
ENGR18600, is usually best taught by professors who have diverse engineering education
and instructing experiences. It is typically preferred by professors over certain design courses,
such as ENGR19000 Elementary Engineering Design, CE/ME/EE42900 Senior Engineering
Design I, and CE/ME/EE43900 Senior Engineering Design II. This preference may partly be
due to design courses typically involve materials and laboratory sections that require
significantly much more time, coordination, preparation, and contact hours with teaching
engineering students.

ENGR19000 Elementary Engineering Design course involves designing and building a
basswood bridge and is ideally taught by a bridge engineering faculty. The first two
engineering materials (wood, specifically Basswood, a polymer plant product and tin metal)
are introduced in this gateway course [24]. All the bridges built on the earth must be
supported by the soils and rocks. Hence all bridges built must have a solid foundation [3]. To
properly educate students on this concept, geomaterials, including ceramics, soils and rocks,
and the skeleton framework of Unified Soil Classification System (USCS) were introduced.
To pique students’ interests, we introduced simple sieve analysis lab tests. This helps



expanding students’ design concepts not only involving mechanical, electrical, and structural
design, but also civil and geotechnical design. ENGR19000 course instructors incorporate tin
melting point laboratory test demonstrations into the course’s curriculum to highlight the
importance of MSE. The tin melting point lab directs students to the material’s phase
diagrams as the melting temperature of tin and lead alloys will vary depending on the phase
of the tin and lead, respectively. Almost all four categories of materials (metals, polymers,
ceramics, and composites) are used or accessed by students in different forms throughout
laboratory experiments [8, 9, 24]. Examples of the various experiments and materials students
are exposed to include polymers, cutting metal saw, measuring tape made of plastic, wood,
steel or polymer, tin and lead, water, steel sieves, and geomaterials.

A second-year course the author(s) taught is MSE20000/ME306 Materials Science. This
course is a required course for mechanical engineering and is an elective for electrical
engineering students. This course is typically completed prior to the core civil engineering
course, CE20100 Surveying and GIS. CE20100 involves learning and using different tapes,
such as steel tape, cloth tape, and fiberglass tape. This knowledge feeds into students’
education in the subsequent course, CE/ME33001 Structure and Property of Materials. To
teach the ME306/MSE20000 and CE/ME33001 courses effectively, feedback was gathered
from students in various MSE courses. Based on the feedback and the courses’ outcomes,
students learn more of the materials information when there is a wide range of materials used
in laboratory demonstrations, as shown in Materials Matter [6]. To best learn MSE phase
diagrams, materials, moments, and concepts, we also introduced abundant helpful tutorials
(MaterialMoments.org[5], [7], Materials Concepts 2012 [11]; Materials Education 2013[12];
NASA 360 [13]) to the students.

PNW civil engineering students take CE20400 Civil Engineering Materials [15] with
MSE20000 recommended as an optional course. This course introduces the applications,
specifications, and tests of common civil engineering materials: steel, aluminum, aggregates,
Portland cement concrete, asphalt cement concrete, constituents of masonry, Fiber Reinforced
Plastics (FRPs), and timber. Practical behaviors of these materials’ systems are emphasized.
An understanding of these behaviors is approached through examination of the materials’
characteristics. This course also provides second-year students with introductory details of
composites. At CBU, such a similar course is taught in an EGR254 Materials Engineering.

In second year of PNW’s engineering programs, students take CE/ME27100 Basic Mechanics
— Statics (MNSU and CBU equivalent course ME212/EGR241 Statics) built on the
ENGR19000 Elementary Engineering Design. This course is a core course for civil and
mechanical engineering students and an engineering elective for electrical engineering
students [15-17]. In CE/ME27100, new engineering materials are introduced: steel, wood,
brick, and biomaterials. These engineering materials are often encountered and covered in the
structural analysis portion of Basic Mechanics | — Statics closely related to MSE. This course
benefits students by preparing them for later applied mechanics courses studies:
ME223/CE27301 Mechanics of Materials (equivalent CBU EGR242 Strength of Materials),
ME417/ME46100 Machine Design I; CE/ME/ECE 42900 Senior Design I; and
CE/ME/ECE43900 Senior Engineering Design Il. A lab component is also required in
ME223/CE27301 Mechanics of Materials Laboratory [15]. Another second-year relevant
course is CE23200 Engineering Geology. Engineering Geology details a range of engineering
materials, including water, soils, rocks, geo-strata different minerals.



Upon completion of the second-year courses, engineering students are expected to retain and
relate their knowledge accumulated to their current three-hundred-level courses. This includes
the third-year core course, EGR342/CE312 Fluid Mechanics, wherein the most widely used
engineering material, water, is the study focus. CE323 Soil Engineering focuses on the
geomaterial, soils. This course is often considered to be an entry level required course [15].
CE32300 Soil Engineering OR egr353 Soil Mechanics is widely known as Geotechnical
Engineering | or Il to alternate universities. It introduces geotechnical engineering and soil
testing. Some of the main concepts learned are soil identification and classification tests, soil
water systems, settlement principles, soil stresses, and shear strength testing. Another CE342
Engineering Hydrology and Hydraulics built on CE312 is a fundamental course focused on
water resources engineering.

CE/ME33001 Structure and Property of Materials was assigned for the first author to teach
twice. The first time of teaching took tremendous time and preparation efforts as the first
author was initially trained within mining and geotechnical engineering without MSE courses
background. This ultimately proved to be a great learning experience. It helped the author to
connect with his major field of geotechnical engineering courses’ instructions, as well as the
authors’ learning discovery. When the first author taught MSE20000 Materials Science and
CE/ME33001 Structure and Property of Materials concurrently, students were introduced to
the structures of different soil clay types (i.e.,
kaolinite, illite, and montmorillonite) which
increased effectiveness and clarity of the course
content [2][3] by connecting with soil
mechanics. For example, CBU students taking
EGR353 Soil Mechanics class were asked to
connect their EGR254 Materials Engineering
class. A scanning electron microscope can be
used to capture a detailed image as shown in
Fig. 1 to help pique students interests of both
EGR254 Materials Engineering and EGR353 o w % —
Soil Mechanics and EGR354 Soil and Fig. 1 Clay Scanning Electron Microscope
Foundation Engineering class. (SEM) image with Axia ChemiSEM

To effectively teach MSE20000/ME306 Materials Science and CE/ME33001 Structure and
Property of Materials, students were shown the Material Matter demonstration video [6] and
Materials Concepts [11] in class. Students like to watch the demonstration video at the
beginning of the semester, and again at the end of semester learning. To further assist
students in understanding the materials muddy concepts, pertinent engineering education
paper [7] explaining muddy concepts, as well as the corresponding videos were embedded in
lecture notes. To motivate students learning materials beyond ME306/MSE20000, real world
NASA projects and videos are introduced and shown in class and students are asked to watch
these videos at their own pace outside of lecture. Examples of said NASA projects and videos
are listed in the references [13] [14] [18]. MSE34400 Materials in Engineering introduces
new areas of materials science, including but not limited to superconductors and biomaterials.
It also covers a selection of materials, strengthening, and environmental effects through the
completion of laboratory experiments. CE354 Introduction to Environmental Engineering
includes furthermore different chemical materials, water, wastewater and pollutions studies.
CE354 Foundation Engineering is also closely tied to MSE through different foundation
materials.



By senior year, almost all engineering students have a strong foundation of knowledge in
their specific program (civil, mechanical, or electrical engineering) to embark on CE45301
Engineering Rock Mechanics and CE48100/EGR354 Foundation Engineering [15]. CE45301
focuses on the geomaterial, rocks and minerals, and their engineering applications. Some of
the concepts covered in rock mechanics include the state of stress in rock, rock dynamics, the
rock mechanics model, the finite element model, fracturing, rock mechanics design and
instrumentation, and the introduction to rock testing methods. CE48100/EGR354 Foundation
Engineering was introduced to expand the geotechnical course selections for students. At
both MNSU and CBU, due to the importance of Foundation Engineering course, it is a
required core civil engineering course focusing on geotechnical design of shallow and deep
foundations and reviews the geotechnical properties of soil and subsurface exploration, lateral
earth pressure theories, retaining walls.

The different courses’ teaching and instruction helps the instructors in mentoring, advising
and guiding students’ senior design projects in CE42900 and CE43900, Senior Engineering
Design I and 11, respectively [23] [8]. CE/ME/42900 and CE/ME/43900 are core courses
every fourth-year engineering student in the civil, mechanical programs must complete ([15],
[16], [17]). MSE related courses also include a multitude of subjects, ranging from
geotechnical and geosynthetic engineering to soil mechanics and soil or ground improvement
and pavement engineering.

Due to the complexity of soil materials’ behavior and applied nature of soil mechanics,
several different soil mechanics courses have been offered and taught in various universities
[3, 8]. They include Elementary Soil Mechanics, Geotechnical Engineering | and 11,
Unsaturated Soil Mechanics, Expansive Soil Mechanics, Intermediate Soil Mechanics, and
Advanced Soil Mechanics. An adequate research of soil materials and soil mechanics focused
on geotechnical courses teaching is desirable. Fundamental MSE principles of “Processing,
Structure, Property, and Performance” (PSPP) can be applied to Soil Improvement or Ground
Improvement ([2]). In this case of PSPP application, trials of different processing methods,
such as shallow and deep compaction, over excavation and replacement, deep replacement,
drainage and dewatering, preloading, deep mixing and grouting, ground anchors and soil
nailing, fill reinforcement, etc. are used to help improve the reinforced earth structures.
Consequentially, the properties are improved to meet the project performance requirements.

3 Reflections for MSE Program Initiation Courses Offering and Optimizations

This paper is intended to be informational and constructive based on the limited research
review and findings of three different universities MSE courses and programs. Based on the
experience of teaching and learning pertinent MSE courses at CBU, PNW and MNSU, we
can draw the conclusion that the current Materials Engineering in civil engineering program
seems to be a misnomer and thus is best updated with a new course name like Civil
Engineering Materials instead of Materials Engineering. Also, currently the two 50-minutes
of lectures of EGR254 Materials Engineering are not up to par as other universities’ lectures
time wherein the MSE courses are taught with three hours lectures which ensures enough
time to cover and teach all the MSE courses chapters of different engineering materials. The
weekly lecture time for EGR254 Materials Engineering is recommended to increase to two
90-minutes lectures or three (3) 50-minutes lectures instead of just two 50-minutes lectures.

Currently at CBU, we offer and teach following materials science and material engineering
and selection courses [25]. It seems that there may be some need of offering a fundamental



EGR200 Materials Science course like MNSU’s ME306 Material Science and PNW’s
MSE2000 Materials Science as a prerequisite to the other eight to ten materials related
courses. With the pertinent courses and materials science and materials engineering
equipment available as well as the faculty from several departments teaching and research
related materials engineering courses, there might also be some need and/or opportunity of
developing a brand new MSE (Materials Science Engineering) BSMSE program herein at
California Baptist University (CBU) [4, 20, 25].

CBU Spring Semester

EGR254AB Materials Engineering 3 Units, Two 50-minutes lecture, Two 2-Hours Lab
ARC280A  Materials and Methods 4 Units

EGR242 Strength of Materials 3 Units

EGR462A  Biomaterials I: Fndmntl Concepts 3 Units

CBU Fall Semester

CONB310A  Construction Materials & Methods™ 3 Units

EGR344AB Materials & Manufacturing Process 4 Units 1.5 Hours Lab
EGR373A  Materials Engineering and Selection 2 Units

EGR463A  Biomaterials Il 3 Units

MSE is significant in any engineering programs in particular engineering processes (e.g.,
building and designing) [3]. Different materials exhibit unique constitutive material behavior
that each has varying effects on the branches of mechanics. At CBU, MNSU and PNW, MSE
and related courses have been designed not only on topics such as crystalline and non-
crystalline materials, deformations, alloy types, ceramic types, composite types, etc., but also
to use the information learned and apply it to materials used in real-world designs. Students
who took this course were required to write term papers and deliver presentations over real-
world design concepts and link the design concept to the course’s teachings. Artificial Organs
completed by Vavek et al (2018) [21] enriches their learning of materials science courses,
provides the students with marketable skills, and integrates the use of the real-life engineering
problems with curriculum. Our experience [9] finds that instructors that stress the connection
of engineering materials to a range of MSE and non-MSE courses are helpful in aiding
students’ education and learning new COUISES.

4  Concluding Remarks

It is vital to recognize the importance of MSE in all engineering fields. MSE education,
instruction, and relation to non-MSE course material is dependent on the integration of these
aspects in the engineering program. It is conclusive that education and application of MSE
courses are most effective when prerequisite fundamental MSE course offered with key MSE
concepts, principles, and knowledge threads being continuously repeated, reintroduced, and
reviewed for students in all levels of undergraduate engineering courses studies.
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